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TITLE: A method to get increased yield of lactobionic acid. 

FIELiD OF TBDB INVENTION: 

S A mefhod for getting increased yields of lactobionic acid comprising adding to a daiiy base, 
such as milk or whey, a carbohydrate oxidase, capable of conv^ting lactose to lactobionic 
acid, whmin the method is performed mider stably control of pH from pH S to 6.9. 

BACKGROUND OF THE INVENTION: 

10 

Lactose, commonly called milk sugar, is the primary carbohydrate of milk. Lot milk based 
dairy products such as yoghxirt, cheese and milk lactose may be considered a low value sugar 
because of e.g. lactose intolerance and due to its contribution to browning reactions and crys- 
tallisation. 

15 

Carbohydrate oxidase enzymes capable of converting lactose to lactobionic acid are known. 
The ruction scheme may be described as: 

lactose + 0 lactobionic acid + H2Q2 
See figure 1 for further details. The CAS reg. no. for lactobionic acid is 96-82-2. 

20 

WO02/089S92 (Kraft Foods) describe a number of advantages with respect to use a lactobi- 
onic acid in milk based dairy products and advantages with respect of carbohydrato oxidase 
based enzymatic in situ conversion of lactose into lactobionic acid during the process of pre- 
paring milk based dairy products. 

25 

The advanta^ relates e«g. to making products with less lactose (e.g. milk with less lactose) 
or processed cheese products (e.g. for pizza) that have less browning problems. Further, in 
e.g. che«e production lactobionic acid may be used to develop acidity. Generally acidity is 
developed by fermenting milk with lactic acid bactma Hbat metabolize lactose to produce lac- 
30 tic acid. Consequently by use of lactobionic acid one may produce relevant products by using 
less amoynts of lactic acid bacteria. 
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With respect to the carbohydrate oxidase based mzymatic conversion of lactose into lactobi- 
onic acid, WO02/089S92 essentially describes that Oie enzyme shall be added to a dairy base 
(e.g. milk or whey) and then incubated for a certain time at a suitable temperature to make flie 
enzyme reaction. The d^cription provides no e?qplicit teaching with respect to any advantages 
S of maintaining die pH at a certain level during the enzymatic reaction. If pH is not controlled 
the pH will decrease during the reaction due to flie genemtion of the lactobionic acid. 

In example 9 of WCX)2/089592 milk is incubated with the oxidase ovemi^t No reference is 
made by any control of pH. After the ovCTiight incubation, the treated milk comprised L5% 
10 lactose and 3.2% lactobionic acid. This gives a conversion of lactose to lactobionic acid of 
68%. 

In example 12 B) and 12 C) milk is incubated with flie oxidase for 48 hours at 55^C. During 
the reaction flie pH is maintained at pH 7. No explanation is given for this pH control and no 
lactobionic acid yields are provided in these examples. 

IS 

WO03/037093 (Novozymes) also describes a carbohydrate oxidase based enzymatic conver- 
sion of lactose into lactobionic acid during the process of preparing milk based dairy prod- 
ucts. As for WO02/089592, this document is also silent with respect to any advantages of 
maintaining the pH at a certain level during the enzjmiatic reaction. The only specific working 
20 example describes that full fat milk was incubated with the oxidase and allowed to react at 
40''C imtU pH 4.2 was reached. This means that pH was not controlled as pH of natural fi-esh 
milk is approximately 6.6. 

WO02/39828 (Danisco) relates to a process where a hexose oxidase solution is sprayed onto a 
25 pizza with dieese and the advantageous effect of less browning (termed ^'Maillard reaction**) 
< of the pizza cheese is demonstrated. This document is also silent with respect to any advan- 
tages of maintaining the pH at a certain level during tiie enzymatic reaction. 

SUMMARY OF THE INVENTION: 

30 

The problem to be solved by the present invention is to provide a method to get hi^er yields 
of lactobionic acid from a dairy base. 
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The solution is based on that the present inventors have identified that by stably maintaining 
the pH to a value from S to 6.9 during the carbohydrate oxidase based CTzymatic conversion 
of lactose into lactobionic acid one can obtain higher yields of lactobionic acid than described 
5 in the art. 

Accordingly a first aspect of the invmtion relates to a method for the preparation of a 
composition comprising lactobionic acid comprising 

(i) adding to a dairy base a carbohydrate oxidase, capable of converting lactose to lactobi- 
10 onic acid, 

(ii) incubating for a suitable time at a suitable temperature in presence of a suitable amoimt 
of oxygen to obtain the composition comprising lactobionic acid, and 

(iii) optionally, purifying the lactobionic acid in a suitable way to get a composition com- 
prising lactobionic acid with a desired degree of lactobionic acid purity, 

IS characterized in that during the incubating the pH is maintained, by adequate addition of a 
base, at a pH from 5 to 6.9 for a time period that is sufiScient long to get a degree of conver- 
sion of lactose to lactobionic acid that is at least 2,5% higher than in a comparative control 
method where the only comparative difference is that during the incubation the pH is not 
maintained by adequate addition of a base. 

20 

For illustration, in woddng examples hmin is shown that the degree of conversion of lactose 
to lactobionic acid of tibie control was 41% and by maintaining pH stable as described herein 
the degree of conversion increased to 90%. 

25 If the dairy base is for instance milk or whey the resulting milk or whey composition with 
hig^r yield of lactobionic acid may then advantageously be used to make a dairy product 
such as cheese, yoghurt or milk. Numerous suitable uses of a composition comprising lacto* 
bionic acid as described herein to make a dairy product of interest is known to Ore skilled per- 
son and reference is e.g. made to the prior art publications discussed above. 

30 

Accordingly, a second aspect of the invention relates to a process for making a dairy product 
comprising first to make a conqposition conqirising lactobionic add according to a metfiod for 
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making such a composition as described herein and then use this conq)osition to make the 
daily product 



S DRAWINGS 

Figure 1 shows a reaction scheme for a caibohydrate oxidase enzyme conversion of lactose to 
lactobionic. 

10 DETAILED DESCmPTION OF THE INVENTION: 

Dairy base: 

The temi "dairy base" is to be understood as any milk or milk like product including lactose, 
15 such as whole or low fet milk, skim milk, buttennilk, condensed mil^ 

whey permeate, lactose, moflier liquid from cij^tollization of lactose, whey protein concen- 
trate, or cieam originating from any animal, 

Prefeiably the dairy base is milk and more preferably whey or fractions of whey. 

20 

The term *TMiIk" is here to be understood as the lacteal secretion obtained by milking any 
mammal, such as cows, sheep, goats, buffaloes or camels* 

The present method is especially suitable for relatively large scale production. Accordingly in 
25 a preferred embodiment is used from 50 kg to 500000 kg of the dairy base in the method as 
described herein. 

Lactobionic acid: 

30 It is to be understood fliat Ae term "lactobionic acid" relates to that the end-product can be 
lactobionic acid or salts thereof Suitable salt iiwlude Na-lactobionate, Ca-lactobionate and K- 
lactobionate. 
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The base used for pH control is selected to control the type of lactobionate produced. 



Carbohydrate oxidase: 

5 

A number of suitable carbohydrate oxidases, capable of converting lactose to lactobionic acid, 
are known and available to the skilled person. It may for instance be a hexose oxidase or a 
ghicose oxidase. 

10 Preferably, tfie carbohydrate oxidase is a microbial carbohydrate oxidase. 

A suitable hexose oxidase (ECl .1.3.5) is described in WO96/40935 (Bioteknologisk Institut, 
Demnark). This document describes a suitable hexose oxidase fiom marine algal species 
more particular wherein the marine algal species is one selected from the group consisting of 
15 Chondrus crispus, Iridophycus flaccidum and Euthora cristata. 

Other suitable carbohydrate oxidase may be derived, e.g., from a mitosporic Pyrenomycetes 
such as Acremonium, in particular, A. strictum, such as ATCC 34717 or Tlj A.fi4sidioides, 
such as IFO 6813; or A.potroniU such as IFO 31 197. to a preferred embodiment, the carbohy- 
20 drate oxidase is obtained fix>m the source disclosed by lin, et al, (1991, Biochim. Biophys. 
Acta 1 1 18:41-47) and in JP-A 5-84074. 

In a preferred raibodiment the carbohydrate oxidase is a carbohydrate oxidase obtained fix)m 
a fungus belongiiig te the genus Microdochium^ more preferably wh^in the fungus is Afi- 
25 crodochium nivale and even more preferably wherein the fungus is Microdochium nivale 
CBS 100236. Such a prefeired oxidase is described in details in W099/3 1990 (Novo Nordisk 
A/S). 

The amount of oxidase to be used will genially depend on the specific needs. Preferably, 
30 there is used an amount of oxidase that is fix)m 0.1 to 1000 OXU per kg of dairy base, more 
preferably from 1 to 500 OXU perkgof dairy base, and even more preferably fiom 5 to 100 
OXU per kg of dairy base. 
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An Oxidase Unit (OXU) is herein basically d^ned as the amount of enzyme that oxidizes 
one \mol lactose per minute under the incubation conditions of the method one specifically 
uses. 

5 

hicubating under suitable conditions: 

Incubation according to step (ii) of the method as described herein should be for a suitable 
10 time at a suitable temperature in presence of a suitable amount of oxygen to obtain the com- 
position comprising lactobionic acid. It is within the general knowledge of the skilled person 
to determine such suitable conditions in relation to the specific elements of a specific method 
of interest 

1 S Goierally, a suitable time should be a time period tiiat is long mough to obtain the degree of 
conversion of lactose to lactobionic of interest 

The convmion of lactose to lactobionic consumes oxygen. This can e.g, be seen in the table 
of sample 1 herein. Accordingly, if the oxygen is monitored during the enzymatic reaction 

20 onewiUgeneraUy see an ixutial drop in oxygen amount wMch, if e.g. air is constant 

vided, will return to aiound die initial level when the enzyme reaction tenninates. Wbsa oxy- 
gen has retumed to more than 90% of the initial level it is an indication for that the razymatic 
reaction has ended or at least been significantly slowed down. Accordingly, a suitable time 
penod could preferably be for a time period that at least last until the oxygen level of the in- 

25 cubated dairy base has retumed to more than 90% of die initial level. This is especially if one 
wants maximum conv^ion of lactose. 

Generally a suitsible time pmod is firom i4 hours to 3 days, more preferably fix>m 2 hours to 
24 hours, even more preferably firom 2 hours to 12 hours. 

30 

A suitable temperature will generally depend on the oxidase used and is generally optimized 
ftf yxifrfing the optimal reaction temperature for die oxidase. Generally, a suitable temperature 
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wiU be fonn 0°C to SO^C. Low temperatuie, as for instance results in a relatively slow 
reaction rate, but has the advanta^ of representing the typical tranperature for cold stored 
products. 

5 A suitable amount of oxygen may for instance be obtained by continuously mixing air into 
dairy base under incubation. The skiUed person knows how to optimize this. 



T|^ft^^1 yating at a stable pH: 

10 As explained above, an important element of the method as described herein is that during ttie 
incubating (of step (u)) the pH is maintained, by adequate addition of a base, at a pH from 5 
to 6.9 for a time poiod that is sufficient long to get a degree of conversion of lactose to lacto- 
bionic acid that is at least 2.5% higher than in a comparative control mefliod where the only 
comparative «£ference is that during the incubation tiie pH is not maintained by adequate ad- 

15 dition of abase. 

The comparative control mefljod should, expect for the non addition of the base to maintain 
tiie pH, be performed identical (same oxidase in same amount, same dairy base, same incuba- 
tion time, ten^jerature and presence of oxygen and etc.) to tiie mefliod for improving lactobi- 
20 onic acid as described herein. This is in accordance wifli the normal understanding of a con- 
trol as used herein, because flie control is made to identify the positive effect of maintainmg 
pH stable. 

The prefferred pH value for a specific metiiod of interest will, as known to die skilled person, 
25 dependonanumberoffectors.Forinstance,ifdairybaseismilktiienatnralpHofmilkis 
known to be around 6.6andmsuchacaseit would be preferred to maintam flie pH in a vahie 
around 6.6, such as a pH fi»m 6.3 to 6.9. 

The base maybe any suitable base such as an adequate NaOH solution. The skiUed person 
30 knows numerous of other suitable bases. Examples are Ca(OH)2, KOH, NEi40H, Mg(OH)2 
and Na-tripoly-phosphate. 
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The piefened base wiU generaUy be a base &at rdates to liie piefened mineral composition 
of the final daiiy product 



For instance, in particular when the diary base is milk, a prefcned base may be Ca(OH)2. -nus 
5 isinparticularpreferredifonewantsafinaldairyproduct,whichiseniichedin^^^ 
illustrated in a working herein, the method as described herein may be used to make a milk 
product euiched in calcium. 

When the base is e.g. Ca(OH)2 one can, by using the method as described herein, make Cfr- 
10 lactobionate fiom a suitable dairy base. This product can then be used as e.g. a dairy product 
additive or ingirediait as known in the art 

Pieferably, during flie incubating (of step (ii)) the pH is mamtained, by adequate addition of a 
base, at a pH fiom 5 to 6.9 for a time period tiiat is sufficient long to get a degree of conver- 
15 sion'of lactose to lactobionic acid tiiat is at least 5% higher than in a comparative control 
method where the only comparative difference is tiiat during the incubation tiie pH is not 
nainteined by adequate addition of a base, more preferably at least 1 5% hi^er ^ 

con^arative control method, even more preferably at least 30% hi^er tiian m flie compara- 
tive conJrol method and most prefe«d,ly at least 45% higher flian in tiie comparative control 

20 method* 

For ilhisbation. in woikmg examples herein is shown fliat tiie degree of conversion of lactose 
to lactobionic acid of tiw control was41%and by maintaining pH as descriTiedhe^^ 

gree of conversion increased to 90%. 

25 

Pieferably tiie pH is maintamed, by adequate addition of a base, at a pH fiom 5 J to 6.9. more 
pieferably at a pH from 6 to 6.9. 

Pief^^bly, tiie pH is maintained at tiie stable pH level as described herem fiom flie start of 
30 tiieenzymaticreaction.Ihotiierwords,unmediatelyaftertiieoxidaseisaddedtotiiedairy 

base tiie base is added to maintain tiie pH as described herein. 
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Especially if one wants maximum conversion of lactose it is preferred Aatthe pH is main- 
tained at the stable pH level as described herein fbr a time period that at least last until the 
oxygen level of the incubated dairy base has returned to more than 90% of the initial leveL 

5 Preferably, the pH is maintained at the stable pH level as described herein for a time period 
from 30 minutes to 35 hours, more preferably fiom 1 hour to 20 hours and even more pref- 
erably from 2 hours to 12 hours. 



10 

Catalase: 

Acatalaseisanenzymefliatcalaly8esthereaction:2H202 => Q2 + 2 H2O. The EC number 
is EC 1.11.1.6. 

15 

As shown in woridng example 3 herein use of a Catalase significantly improves the degree of 
conversion of lactose to lactoWonate acid. Rirther. use of a catalase decrease ihe amount of 

20 Accordingly.aseparateaspectoftheinventionrelatestoamethodforthepreparationofa 

con4>osition comprising lactobionic acid comimsing 

(i) adding to a dairy base a caibohydmte oxidase, capable of converting lactose to lactoW- 

onic acid, 

(ii) incubating for a suitable time at a suitable temperature in presence of a suitable amount 
25 of oxygen to obtain the composition comprising lactobionic acid, and 

(iii) optionally, purifying the lactobionic acid in a suitable way to get a composition com- 
prising lactobionic acid with a desired degree of lactobionic acid purity, 

wherein there is also added a catalase in the method in an amount fliat decrease the amount of 

H2Q2. 

30 

As described above, when the carbohydrate oxidase converts lactose to lactobionic acid there 
are generated H2O2. The reaction scheme may be described as: 
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lactose + V4Q2 o lactobionic add +1^02 



Hie catalase may be added after the caibohydiate oxidase has reacted to make tiie lactobionic 
acid. However, preferably the catalase is added togedier with the carbohydrate oxidase in step 

5 a). 

An advantage of adding also a catalase together with the carbohydrate oxidase in stqp (i) is 
that one is able to significantly (up to 50%) reduce the requirement of oxygen and thereby one 
does not have to supply as mush oxygen e.g. in the form of air. ActuaUy, if one is adding an 
10 adequate amount of catalase it is not necessary to supply extra oxygen e.g. in the form of air. 
The latter preferably requires also extra addition of a suitable amount of H2O2. This extra 
added HiOzmay be based on H2Q2 from e.g. any suitable commercial source. 

Accordingly, a preferred embodiment of this separate aspect and the method of the first as- 
15 pect of the mvention is wherein essentially all of the suitable amount of oxygen required in 
step (ill of the method of fte separate aspect and flie method of die first aspect is obtained by 
extra addition of a suitable amount of H2Q2 and vdierein the catalase generates the required 
oxygen by use the available HzCh- 

20 The term "essentially all of &e suitable amount of oxygrai" relates hcae to that there is enough 
oxygen for the enzymatic reaction to woric adequately and m particular that it is not necessary 
to actively add extra oxygen during the incubation step eg. by continuously mixmg air into 
die dairy base under incubation. 

25 A preferred embodiment of this separate aspect is wherem during the incubating the pH is 
niaintained, by adequate addition ofabase,atapHfiom4to8foratime period that is suffi- 
cient long to get a degree of conversion of lactose to lactobionic acid that is at least 2.5% 
higher than in a comparative control mefliod where the only comparative difBsjrence is that 
during die mcubation die pH is not maintained by adequate addition of a base. 

30 

All embodiments, as described herein, widi respect to die mediod of die first aspect of die 
present invention are also preferred embodiments widi respect to die mediod of diis separate 
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aspect of the invention. TTiis is particular relates to the piefeaed embodiment wherein the 
daily base is miUc and flie base is Ca(OI^. 



Further, aU embodiments, as described herein, with respect to the method of the separate as- 
5 pect of the present invention are also preferred embodhnents with respect to the method of 
the first aspect of die invention. 

In a prefened embodiment in step (i) of the method of the first aspect of the present mvention 
• and the corresponding embodiments thereof is preferably also added a catalase in an amount 
10 ttiat decrease ^amount of H2O2. 

Preferably, flie catalase is added in an amount that also improves the degree of conversion of 
lactose to lactobionate acid. 

15 Anumberofsuitablecalalasesareknowntofheskilledperson.Forinstance,theconmi 
available catalase Catazyme® fi»mNovozymes A/S. 

The amount of catahee added to the mefliod as descnljed herein wiU generaUy depend to 

amount of H2O2 one wants to have m the final dairy product Accordingly, depending on flie 
20 paiticulardairyproductofinterest,e8peciaUyifthedah^productismilk.the^^ 

lase added to the method as described herein, is an amount that is sufficient big to get an at 

least 10% decrease in ttie amount of H2O2 as compared to a comparative control method 
where the only comparative difEerence is fliat catalase is not added. 

25 Morepreferably,theamountofcatalaseaddedtothemelhoda8describedheiein,isan 
amount that is sufficient big to get an at least 25% decrease in fte amount of H2O2 as com- 
pared to a comparative control mefliod where the only comparative difference is that catalase 
is not added, even more preferably the amount of catalase added to the method as described 
herein, is an amount that is sufficient big to get an at least 75% decrease in the amount of 

30 H2O2 as compared to a comparative control mefliod where flie only conqwrative difference is 

tiiat catalase is not added. 
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The comparative control melhod should, except for the non addition of tiie catalase. be per- 
fonned identical (same oxidase in same amount, same dairy base, same incubation time, tem- 
perature, presence of oxygen and addition of base and etc.) to the method for improving lao- 
tobionic acid as described herein. This is in accordance with Ihe normal understanding of a 
5 control as used herein, because the control is made to identify the positive effect of the addi- 
tion of catalase. 

Extra onrification of the lactob ionic acid: 

10 Optionally, one can purify the lactobionic acid in a suitable way to get composition compris- 
ing lactobionic acid with a desired degree of lactobionic acid purity. 

Hie skilled person knows how to do that and depending on the specific needs of interest a 
con^osition comprising at least 30% lactobionic add, or at least 90% lactobionic acid may be 
IS obtained. , 

Suitable ways of purifying the lactobionic acid are filtration, ion exchange, concentration and 
drying. 

20 A composition comprismg lactobionic acid maybe used e.g. as a food additive or ingredient 
in a \ray known indie art 

starter culture com prisitig lactic jjicid bacteria: 

25 In generaU extra elements or ingredients maybe hicluded in the mefliod as described herein in 
agreement with specific needs. The skilled person known is aware of numerous of such extra 
elements or ingredioits. 

In a preferred embodiment a starter culture comprising lactic acid bacteria may be included in 
30 the method as described herein. The starter culture may be added to the diary base before or 
die oxidase is added to the base. This will depend on the specific fiamentation profile 
one is interested in. 
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The tenn "lactic acid bacteria" denotes herein a group of Gxam-positive, non-sporing bacteria, 
which cany out a lactic acid fermentation of sugars. 

5 Among othere, it includes species of lactic acid bacteria belonging to genus Lactobacillus^ 
such as Lactobacillus helveticus^ Lactobacillus delbruckii subsp. bulgaricus, etc., lactic acid 
bacteria belonging to genus Lactococcus, such as Lactococcus lactis^ lactic acid bacteria be- 
longing to genus Streptococcus, such as Streptococcus salivarius, lactic acid bacteria belong- 
ing to genus Leuconostoc, such as Leuconostoc lactis, lactic acid bacteria belonging to genus 

10 Bifidobacterium, such as Bifidobacterium longuni or Bifidobacterium, breve^ and lactic acid 
bacteria belonging to genus Pediococcus. 

The lactic acid bacteria may be used as a mixture with other microorganisms, e.g. yeasts. 
A process for malrin^ a dairy product 

15 

As d^cribed above, numerous suitable uses of a composition comprising lactobionic acid as 
described herein to make a dairy product of interest is known to the skilled person and refer- 
ence is e.g. made to flie prior art publications discussed above. Accordingly, once a composi- 
tion conq>rising lactobionic acid is made by the method as described herein this composition 
20 may be used in any suitable way to make a dairy product of interrat 

TTie tern "dairy product is to be understood as any dairy product induing a dmry base, as 
defined above. Examples of dairy products applicable for the present invention are products 
like yoghurt, milk such as e.g. a calcium fortified milk and cheese such as process cheese (e.g. 
2S for pizza), cream cheese and cottage cheese. 

EXAMPLES: 

Exam ple 1 ! 

30 

Jn a large scale trial with 400kg substrate solution consisting of 6% whqr permeate powder 
(from EPI, France). Temperature was adjusted to 49®C. 
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Caibohydrate oxidase enzyme dosage ooitesponding to 40000 OXU in 400Litre solution = 
1250g enzyme. The enzyme was achieved ficom Microdochium nivale as described in patent 
appUcation WO 993 1990. A ^dase Unit (OXU) is basicaUy defined as the amoimt of en- 
zyme tiiat oxidizes one junol lactose per minute under tfie here stated conditions. Here is one 
5 OXU defined as one mg of pure lactose oxidase enzyme - relative to an enzyme standard. 

Reaction was followed by pH and oxygen sensor. Air was mixed into the substrate by re- 
circulation of substrate to the tank utilizing the pump turbulence (Landia pump 5.5kWh). 
When oxygen has returned to >90% the reaction is finished and the product was heated to 
10 85*C for enzyme inactivation. Samples were taken during the reaction, and were heated to 
8S°C for inactivation of Has enzyme. 

pH in substrate solution before enzyme addition was 6.52. After termination (5 hours reaction 
time) of flie reaction pH had decreased to 3.62. Oxygen content in substrate was 5.82mg/L at 
time = 0 and reduced within 5 minutes after enzyme addition to less flwn O.Smg/L. Data fisom 
IS the trial is seen in the table bellow. 



Time, minutes 


DH 


Oxygen 


0 


6.52 


5,82 


5 


6.39 


0.50 


15 


6.02 


0.49 


30 


5,63 


0.33 


60 


5.12 


0.40 


65 


5.02 


0,40 


90 


4,82 


0.42 


120 


4.46 


0.32 


175 


4.00 


0.12 


240 


3.70 


0.90 


250 


3.66 


1.70 


260 


3.64 


3.66 


270 


3.64 


4.00 


280 


3.64 


4.45 


290 


3.62 


5.45 


300 


3.e2 


5.52 



Degree of conversion of lactose to lactobionic acid was 41%. 

20 

Kvample 2 
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166kg substrate similar to the one described in example 1 was added carbohydrate oxidase 
833g (conesponding to 26700 OXU). The oxidase used was the same as in exan9>le 1. pH 
was held in the range 5 - 6 by addition of 5N NaOH solution. When oxygen level returned to 
initial level (after 5 hours) a total amount of 3910 mL 5N NaOH had been used for pH- 
5 control. This amount coiresponds to the conversion of > 90% lactose to lactobionate accord- 
ing to the reaction scheme: 

lactose + V402 o lactoWonic acid + H2O2 , where the NaOH is balance the acid fonned. 



Fxample 3 
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166kg substrate similar to the one described in example 1 was added caibohydrate oxidase 
441g (corresponding to 14100 OXU) and Catalase 25L dosage 39g. The oxidase used was the 
same as in example 1, The Catalase was Catazyme® from Novozymes A/S. 
pH was held in the range 5 - 6 by addition of 5N NaOH sohition. When oxygen level re- 
15 turned to initial level (after 4 hours 40 minutes) a total amount of 4860g 5N NaOH had been 
used for pH-contiol. This amount coiresponds to die conversion of 100% lactose to lacto- 
bionate add. 
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Fvample 4: 

Objective 

The objective was to test the concept of producing Ca-fortified milkby Uictose oxidase cata- 
lysed reaction m milk by keeping pH constant with Ca(OH)2 addition. Samples were taken at 
different base additions and the milk is heat treated and evaluated (taste and stabiUty). 

25 

Method 

Substrate skim milk l.Skg 
Temperature SOC 

Fresh air is flushed ova- the surfoce of ihe stirred substrate. 
30 Enzyme was caibohydrate oxidase preparation from M.nivale dosage 0.085OXU/g solution 
= 3.98g. The oxidase used was the same as in example 1 . 
Catalase 25L dosage 0.5g (Catazyme® from Novozymes A/S). 



IS 



The oxidase and catalase was added to the substrate and incubated as described below. 
pH is kept constant by addition of IN Ca(OH)2 

Samples of lOOmL were taken after base consumption of 22.2mL and 4LlSmL, and heat 
treated 85°C for 15 minutes. 
5 After cooling flie samples were evaluated with respect to taste and stability. 

Results 

pH in skim milk is 6.65 at 50^*0, which was used as the set-point in the pH-stat titration unit. 
pH in the san^les were 6.76 and 6.88 measured at room temperature. 
10 None of the samples were grainy or had any sign of sediment. The last sample seemed 
subtly more viscous. Taste was good for both samples and no oflF flavour was detected. 

The Ca-level in the milk after the Ca(OH)2 addition was increased: 
Sample 1: 48% 
15 Sample 2: 88% 

The degree of conversion of lactose to LBA estimated from the amount of base used was: 
Sample 1: 22.2mL corresponds to 11% conversion 
SaiKq>le 2: 41.15mL corresponds to 20% conversion 



20 Conclusion 

This exJBOXxple demonstrates Aat a Ca-fortified milk without taste defects can be produced by 
addition of Ca(OH)2 during enzymatic oxidation of lactose to lactobionic acid as long as the 
addition of base is done in a titration equq^ment keeping pH constant Ca-addition up to 8894 
extra in the skim milk was obtained. This level by fer exceeds the level nonnaUy aimed at in 
25 milk drinks. 
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CLAIMS 



i. A method for the preparation of a composition comprising lactobionic acid comprising 
(i) adding to a dairy base a caibohydiate oxidase, capable of converting lactose to lactobi- 
S onic acid, 

(u) incubating for a suitable time at a suitable temperature in presence of a suitable amount 
of oxygen to obtain the composition comprising lactobionic acid, and 
(iii) optionaUy, puril^g the lactobionic acid in a suitable way to get a composition com- 
prising lactobionic acid with a desired degree of lactobionic acid purity, 
10 diaracterized in that during the incubating the pH is maintained, by adequate addition of a 
base, at apH ftom 5 to 6.9 for a time period that is sufficient long to get a degree of conver- 
sion of lactose to lactobionic acid that is at least 2.5 % higher than m a comparative control 
mefliod where 4e only comparative difference is fbsA during the incubation the pH is not 
maintained by adequate addition of a base. 

IS 

2. The method of claim 1, wherein the daily base is milk or more preferably whey or fiactions 
of whey. 

3. The mediod of any of the preceding daims, wherehi tiie carbohydrate oxidase is a micro- 
20 biai carbohydrate oxidase. 

4. The method of claim 3, wherein the carbohydrate oxidase is a carbohydrate oxidase ob- 
tained from a fungus belonging to the genus MUsrodochium, more preferably wherein the fun- 
gus is Microdochium nivdle and even more preferably wherein the fongus is Microdochium 

25 ntvate CBS 100236. 

5. The method of any of the preceding claims, wherein tfie there is used an amount of oxidase 
that is from 0.1 to 1000 OXU per kg of dairy base, more preferably ftom 1 to 500 OXU per 
kg of dairy base, and even more preferably fiom 5 to 100 OXU per kg of dairy base. 

30 

6. The method of any of the preceding claims, wherein the suitable temperature of step (ii) is 
fiomO'CtoSO^C. 
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7. The method of any of the preceding claims, wherein the base is NaOH or Ca(OH)2 



8. The method of any of the preceding claims, wherem during the incubating (of step (ii)) the 
5 pH is maintained, by adequate addition of a base, at a pH fiom 5 to 6.9 for a time period that 
is sufficient long to get a degree of conversion of lactose to lactobionic acid that is at least 5% 
higher than in a comparative control method where the only comparative difference is that 
during the incubation the pH is not maintained by adequate addition of a base, more prefisra- 
bly at least 15% higher than in the con^arative control method, even more preferably at least 
10 30% higher than in the comparative control method and most preferably at least 45% higher 
tiym m tiie comparative control method. 

9. The mt^od of any of flie preceding claims, wherein the pH is maintained, by adequate ad- 
dition of a base, at a pH from 5.5 to 6.9, more preferably at a pH from 6 to 6.9. 

15 

10. The method of any of the preceding daans, wherem fl»e pH is maintained at the stable pH 
fiom the start of the enzymatic reaction that is convertmg lactose to lactobionic acid. 

11. The method of any of the preceding clahns, wherein fte pH is mamtamed at the stable pH 
20 level for a time period that at least last until the oxygen level of the incubated dairy base has 

letumed to more ttan 90% of the mitial leveL 

12. The method of any of the precedmg clauns, wherem the pH is mamtained at the stable pH 
level as described herein for a time period from 30 minutes to 35 hours, more preferably from 

25 1 hour to 20 hours and even mote preferably from 2 hours to 12 hours. 

13. The method of any of the preceding claims, wherein m step (i) of die method of claim 1 is 
also added a catalase in an amount that deoeases the amoimt of H2O2. 

30 14. The method of claim 13, wherein the amount of catalase added is an amount that is suffi- 
cient big to get an at least 10% decrease in the amount of H2O2 as compared to a comparative 
control m^iod where die only comparative differrace is diat catalase is not added. 
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15. The method of claims 13 or 14, wherein esseotiaUy aU of the suitable amount of oxygen 
required in step (ii) of claim 1 is obtained by extra addition of a suitable amount of H2O2 and 

5 wherein the catalase ^erates tiie required oxygen firom the available IfcOz- 

16. The method of any of the preceding claims, wherein by making purification according to 
step (iii) of claim 1 is obtained a composition comprising at least 30% lactobionic acid or at 
least 90% lactobionic acid. 

10 

17. The mettiod of any of the preceding claims, wherein a starter culture comprising lactic 
acid bacteria is included in the method of the preceding claims and wherein the starter culture 
may be added to flie diary base before or after the oxidase is added to the dairy base. 

15 18. A process for makmg a dairy product comprising first to make a composition comprising 
lactobionic acid according to a method for making such a composition according to any of 
chum 1 to 17 and then use this composition to make the dairy product 

19. The process of claun 18, wherein the dairy product is a dairy product selected form the 
20 group consisting of a yogurt, a milk such as e.g. a calcmm fortified milk and a dieese such 
as process cheese (e.g. for pizza), cream cheese ai^ cottage cheese. 



25 
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ABSTRACT 

A method for getting increased yields of lactobionic acid comprising adding to a dairy base, 
such as milk or whey, a caibohydrate oxidase, capable of converting lactose to lactobionic 
S acid, wh^ein the me&od is perfonned under stably control of pH from pH 5 to 6.9. 
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